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(57) ABSTRACT

A longitudinal beam for a turbojet engine nacelle support
structure 1s provided. The longitudinal beam 1s primarily
made from composite materials and in the shape of an L and
includes a longitudinal web contacting with an attachment
pylon of the nacelle and a sole. More specifically, the sole
produces a recerving part capable of cooperating directly or
indirectly by embedding with an end of an associated front
frame.
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COMPOSITE BEAM FOR TURBOJET
ENGINE NACELLE SUPPORT STRUCTURE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of International Appli-
cation No. PCT/FR2012/051582, filed on Jul. 5, 2012, which

claims the benefit of FR 11/57108, filed on Aug. 3, 2011. The

disclosures of the above applications are incorporated herein
by reference.

FIELD

The present disclosure relates to the field of nacelles for
aircrait engines, and more specifically to a support structure
for a thrust reverser.

BACKGROUND

The statements 1n this section merely provide background
information related to the present disclosure and may not
constitute prior art.

As 1s known 1n 1tself, an aircrait engine, 17 as 1llustrated 1n
FIG. 8, which 1s generally of the turbojet engine type, 1s
placed inside a nacelle 7 which, among other functions:

provides an aecrodynamic fairing for the engine,

makes 1t possible to channel the outside air toward the

engine,

makes 1t possible to connect the engine to the aircratt.

Traditionally, a cascade thrust reverser comprises two hali-
cowls 19 each slidingly mounted on a longitudinal support
half-beam called the 12 o’clock beam 1 generally pivotably
mounted on a support mast of the nacelle.

The rotational movement of each half-beam on the nacelle
support thus makes 1t possible to pivot each half-cowl 19
relative to that mast 13 for maintenance operations.

A lower support beam also exists called the 6 o’clock beam
5 comprising two half-beams capable of opening by pivoting
with the half-cowls 19 and therefore generally equipped with
means for connecting to each other and locking the two hali-
structures.

Each 6 o’clock half-beam 5 1s traditionally connected to
the corresponding 12 o’clock 1 half-beam by means of an
inner structure surrounding the turbojet engine 17.

Depending on the design of the nacelle, the 12 o’clock
beam may be stationary and the opening of the half-cowls for
maintenance purposes may be done by completely translating,
said sliding cowls. In that case, 1t 1s also possible to provide a
single substantially peripheral moving cowl, in which case
the 6 o’clock beam 1s then no longer present.

The support structures or beams are generally also
equipped with guide rails allowing each half-cowl to slide on
its associated halif-beam alternating between a thrust reverser
position called the direct jet position and a thrust reverser
position called the reverse jet position.

Thus, traditionally, each 12 o’clock half-beam will have a
structure, on 1ts outer face, of primary and secondary rails
able to allow the movement of the associated halt-cowl 19,
and multiple hinge yokes capable of allowing the half-beam
to be articulated on the associated nacelle mast.

The 12 o’clock and 6 o’clock beams are connected to each
other by a substantially annular structure called the front
frame and generally formed by two front hali-frames 3 each
extending between said corresponding half-beams on either
side of the middle plane of the nacelle.
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2
This front frame 1s designed to be fastened to the periphery
of the downstream edge of a casing of the fan of the engine 17,
and thereby to contribute to the reaction and transmission of
forces between the different parts of the nacelle 7 and the
turbojet engine 17.

Furthermore, 1n the case of a nacelle equipped with a
cascade thrust reverser device, the front frame also serves to
support said vanes of the thrust reverser.

The connection of each 12 o’clock-beam with its associ-
ated front frame part 1s done by means of a mounted or
integrated extension (for example, see document FR 2,920,
192) on the upstream part (relative to the direction of airflow
in the nacelle) of the half-beam, and intended to cooperate by
snapping with a corresponding receptacle of the front frame.
This receptacle of the front frame 1s traditionally called “ash
pan’.

Once this snapping is done, rivets are fastened to secure the
extension of the beam with the wall of the front half-frame.

The 6 o’clock halt-beams have substantially the same
structure, with the exception that they do not comprise hinge
yokes, but locking yokes and/or corresponding locking
means.

Such an assembly method 1s not fully satisfactory, on the
one hand because 1t only allows forces to pass over part of 1ts
section, and on the other hand because the fasteners, for
example rivets, are mounted blind (1.e., they are only acces-
sible from the outside), which makes them complicated to
assemble and monitor.

In particular, by using such an assembly method, the work-
ing junction area substantially represents only half of the total
height of the assembly.

Furthermore, the more frequent use of composite materi-
als, 1n particular to produce part or all of said beams and/or
front frame, raises 1ssues regarding the relative onentation
and the continuity of the fibers of the materials relative to one
another so as to optimize the passages of forces and strength.

Various applications have sought to provide solutions to
these drawbacks. Examples 1in particular include published
PCT application W0O/2011/135213.

WO/2011/135213 targets a support hali-structure for an
aircrait engine nacelle, comprising at least one longitudinal
beam and one front half-frame, remarkable 1n that said beam
and said half-frames are made from composite materials, 1n
the said front haltf-frame has an open section, and 1n that said
beam and said front half-frame form a single piece.

By producing a single-piece part 1n a single molding opera-
tion (using known RTM (Resin Transfer Molding) or infusion
techniques, for example), continuity of the fibers of the com-
posite materials 1s obtained, between the beam and its asso-
ciated front half-frame: 1n this way, improved transmission of
forces between those two members 1s obtained.

By placing the fibers 1n an optimized way (in the direction
in which the forces pass), mass savings are achieved relative
to an aluminum block.

Furthermore, 1n the case of such a single-piece part, no
fastening means between the members are of course neces-
sary, which makes it possible to eliminate the atorementioned
assembly and monitoring problems.

The invention also makes 1t possible to move the junction
between the beam and its associated front half-frame turther
away from the very charged transition zone between the (sub-
stantially vertical) 12 o’clock web of the beam and 1ts front
half-frame, by lengthening the extension of the beam (or the
front hali-frame, depending on the considered alternative).

According to one method for manufacturing a single-piece
integrated front frame beam, this assembly 1s designed so as
to be configurable from subassemblies assembled together to
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form a preform before polymerization and final treatment,
thereby making the part a single piece.

More particularly, the beam structure substantially forms
an L. comprising a longitudinal web and a sole generally in the
shape of an omega.

The front frame 1s integrated into a web and 1s attached on
the structure of the beam at one upstream lateral end of the
omega-shaped floor by means of right-angled returns glued to
the beam structure. This same web will also be assembled by
fastening as well as with a connecting flange connecting the
front frame to the fan casing.

In general, many subassemblies are assembled using right-
angled end returns.

At these connections, and in particular therefore at the web
that 1s connected to the front frame transmaits the forces from
said front frame directly to the mast, 1n particular using an
upstream connecting yoke; the forces therefore follow a
transmission line in which the carbon fibers are curved at 90°.
Such force transmission lines are not optimal.

The front frame creates torsion and traction forces on the
beam. Currently, the forces pass through perpendicular webs.

The flange for connecting to the fan casing creates a sig-
nificant traction force on the beam. Currently, the forces pass
through perpendicular webs, and only through the omega-
shaped tloor of the beam.

Thus, 1t appears that the sole criterion of continuty of the
fibers was not sulficient and that 1t was necessary to be able to
still further improve the transmission of forces within such a
nacelle support structure.

SUMMARY

To that end, the present disclosure provides a longitudinal
beam for a turbojet engine nacelle support structure, said
beam being primarily made from a composite material and
being substantially 1n the shape of an L comprising at least
one longitudinal web designed to come 1nto contact with the
attachment pylon of the nacelle on the one hand, and at least
one sole on the other hand, characterized 1n that the sole 1s
coniigured so as to produce at least one recerving part capable
of cooperating directly or indirectly, by embedding, with at
least one end of the associated front frame.

Thus, by directly configuring the beam, and 1n particular its
sole, to at least partially form the equivalent of a junction ash
pan with the front frame, the fibers of the composite material
participate fully 1n reacting forces. Furthermore, the fibers of
the material may be configured gradually with gentle slopes
and curves, thereby avoiding the significant and sudden folds
of the fibers along the force passage pathways.

Advantageously, the sole of the beam has a celling and a
tloor.

According to a first form, the receiving part has a hollow
shape, called female, capable of cooperating with a so-called
corresponding male shape of the front half-frame.

According to a second form, the receiving part has a so-
called male shape capable of cooperating with a correspond-
ing so-called female shape of the front hali-frame.

Advantageously, the recerving part integrates an ash pan
capable of recerving the corresponding part of the front
frame. It 1s 1n fact possible to provide an intermediate part
around which the recerving part of the beam will be config-
ured.

Additionally, the recerving part is capable of receiving
complementary fastenings between the beam and the front
frame.
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4

In one form, the recerving part has a polygonal section. It 1s
also possible to produce a substantially circular section, but

such a section will be less suitable for reacting force
moments.

In another form, 1t 1s a 12 o’clock beam.

It should be noted that although the present disclosure
mentions a front frame, this term 1s above all used to designate
the corresponding structure. It 1s 1n particular also applicable
to a cascade vane rear frame.

The present disclosure also relates to a supporting hali-
structure for an aircrait engine nacelle comprising at least one
longitudinal beam and one front half-frame, characterized 1n
that the beam 1s a beam according to the present disclosure.

Advantageously, the beam and the front frame are con-
nected by embedding in the receiving part before final poly-
merization of the composite materials so as to form a single-
piece halt-structure.

Also advantageously, the half-structure comprises a 12
o’ clock beam and/or a 6 o’clock beam according to any one of
claims 1 to 7, a front frame and/or a rear vane frame as well as
connecting reinforcements between the rear frame and the
front frame, the front frame and/or the rear frame being con-
nected by embedding in the receiving part of the beams before
final polymenzation of the composite materials so as to form
a single-piece hali-structure.

The reimnforcements will generally have a geometry suited
to the forces between the front frame and the rear vane support
frame and may be added (before or after polymerization) to
improve the strength of the structure thus created. These
reinforcements may be installed at the reverser openming
actuators and/or between the vanes. These reinforcements
could have an aerodynamic shape so as not to hinder the
airflow 1n reverse operation. It becomes possible to integrate
the rear frame 1f the material of the vanes and the hali-
structure has the same expansion coetlicient.

The present disclosure lastly relates to a nacelle for an
aircrait engine, characterized in that 1t comprises at least one
structure according to the present disclosure.

Further areas of applicability will become apparent from
the description provided herein. It should be understood that
the description and specific examples are itended for pur-
poses of illustration only and are not intended to limit the
scope of the present disclosure.

DRAWINGS

In order that the disclosure may be well understood, there
will now be described various forms thereot, given by way of
example, reference being made to the accompanying draw-
ings, in which:

FIG. 1 1s a diagrammatic 1llustration of a connection
between a beam and a front frame according to the prior art;

FIG. 2 1s a diagrammatic 1llustration of a connection
between the beam and the front frame made from a composite
material according to a first improvement and described in
application WO/2011/135213;

FIGS. 3 and 4 are front and rear perspective views, respec-
tively, of a beam according to the present disclosure;

FIG. 5 1s an exploded view of the component elements of
the beam of FIGS. 3 and 4;

FIGS. 6 and 7 are block diagrams of alternative forms for a
beam with a closed section and a beam with an open section,
respectively;

FIG. 8 1s a perspective view of a prior art engine nacelle;
and

FIG. 9 15 a perspective view of a prior art thrust reverser
structure.
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The drawings described herein are for 1llustration purposes
only and are not mtended to limit the scope of the present
disclosure 1n any way.

DETAILED DESCRIPTION

The following description 1s merely exemplary in nature
and 1s not intended to limit the present disclosure, application,
or uses. It should be understood that throughout the drawings,
corresponding reference numerals indicate like or corre-
sponding parts and features.
FIGS. 1 and 2 relate to elements of the state of the art.
Generally and as previously described, a traditional con-
figuration of the support structure of a downstream thrust
reverser section of a turbojet engine nacelle 7 comprises:
two 12 o’clock beams 1 positioned on either side ofa pylon
13 for attaching the nacelle to a wing of an aircraft, and

two front haltf-frames 3, respectively connected to the two
12 o’clock beams 1, and coming together 1n the lower
partat the two 6 o’clock beams 5 connected to each other
by the connecting means.

As mentioned, in the case of a structure opening longitu-
dinally for maintenance purposes, the two front hali-frames
then only form a single unitary front frame and the 6 o’clock
beams are eliminated.

The beams as well as the front frame therefore form the
support structure intended to support the cascade vanes as
well as the moving cowls of the thrust reverser device.

FI1G. 1 illustrates the assembly ofa 12 o’clock beam 1 with
its front haltf-frame 3 according to the prior art. According to

the prior art, these elements are primarily made from an
aluminum structure.

In general, the 12 o’clock beam has an L-shaped structure
having a longitudinal web 10 designed to be fastened on the
attachment pylon and a sole 11.

The front half-frame 3 has a partially annular shape having
a substantially C-shaped section and 1s equipped with a front
frame box 31.

As shown 1n FI1G. 1, the connection of the 12 o’clock beam
12 to the front halt-frame 3 1s done traditionally by providing
an extension 12, called an ash pan that snaps inside the cavity
of the front frame box 31 with a corresponding shape.

Once this snapping i1s done, fasteners (not shown) are fas-
tened to secure the extension 12 of the beam 1 with the wall of
the front frame box 31.

As mentioned, such an assembly method 1s not fully satis-
factory, on the one hand because it only allows forces to pass
over part of 1ts section, and on the other hand because the
rivets are mounted blind (1.e., they are only accessible from
the outside), which makes them complicated to assemble and
monitor. Such an assembly method also requires a very long,
calibration operation (machimng of shims that are sometimes
biased), which 1s therefore costly.

The mmprovement covered by application W0O/2011/
135213 1s shown 1n FIG. 2. In this form, the composite beam
has a sole 11 with an omega-shaped structure comprising a
ceiling 11q and a tloor 1154.

In this configuration, a beam 100 made from a composite
material 1s assembled to a front frame 300 also made from a
composite material no longer comprising a front frame body
31.

The connection between the beam 100 and the front frame
300 1s done by overlapping between a transition zone 119 of
the beam with an open section and a corresponding transition
zone 319, also with an open section, of the front frame. The
connection 1s done by gluing or riveting. The assembly may
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be made 1n a single piece by assembly before final polymer-
1zation of the composite material.

The transition zone 119 formed 1n a single piece with the 12
o’clock beam 100 and the front half-frame 300 makes 1t
possible to go from the L-shaped section to the C-shaped
section thereot. The transition 1s, however, done by imposing
a 90° curve on the fibers of the composite material, which 1s
not optimal 1n terms of transmitting forces along the fibers.

A beam 500 according to the present disclosure 1s shown 1n
FIGS. 3 to 5. Traditionally, this beam 500 has an L-shaped
structure comprising a longitudinal web 10 equipped with a
longitudinal guide rail 15 for guiding a moving thrustreverser
cowl on the one hand, and a sole 11 on the other hand.
Longitudinal reinforcements 16, which may serve as hinge
yokes, are positioned regularly along the beam between the
web 10 and the sole 11.

This beam 1s primarily made from a composite material.

According to the present disclosure, the sole 11 of the beam
1s configured so as to produce at least one receiving part 501
capable of cooperating directly or indirectly by embedding
with at least one end of the associated front frame.

More specifically, the sole 1s configured to recreate an ash
pan shape intended to recerve the front frame.

This allows the fibers to be gradual deformed towards the
desired shape.

FIG. 5 1s an exploded illustration of the different compo-
nent elements of the beam 500. Each element constitutes a
preform assembled with the other elements betfore final poly-
merization of the composite beam 500.

As shown 1 FIG. §, the receiving part 501 receives an
interface ash pan 502 forming a protuberance to receive the
front frame, which will then have a corresponding hollow
open shape. Traditional fasteners, for example of the rivet
type, will provide the connection between the two structures.

An extension 503 may also be provided to close the sole 11
of the beam and provide partial overlapping with a corre-
sponding end of the front {frame so as to still further strengthen
the connection.

This extension 503 may in particular serve as a direct
connection for connecting the beam to a flanging system with
the fan casing, commonly called a J-ring. Thus, the sole, and
more specifically the floor and the ceiling of the sole of the
beam 500, are connected to said J-ring in the continuation of
the front frame, which makes 1t possible to transmit forces
directly through the beam 500.

The extension 503 may also receive the axis of a connect-
ing rod for the connection between the two 12 o’clock beams.

Alternatively, 1t 1s possible to provide that the receiving
part 501 has a hollow so-called female shape, capable of
cooperating with a corresponding so-called male shape of the
front hali-frame.

It 1s also possible to provide that the embedding 1s done
betore final polymerization of the beam 500 and the front
frame, thereby making it possible to obtain a single-piece
assembly. The junction may be done by gluing, sewing, etc.
before final polymerization. In that case, 1t 1s of course no
longer necessary to use rivets for the fastening.

This embedding allows a less flexible junction than an
L-shaped overlapping junction as previously described and
consequently allows better reaction and transmission of
forces. Furthermore, the fibers are not harshly bent at 90°.

In one form, the receiving part and the embedding will be
done using a shape with a polygonal section.

FIG. 6 1s a block diagram of a beam with a closed section
having a hollow receiving part obtained by local deformation
whereof the geometry will be suitable for properly reacting
the forces, i particular by drawing, in particular able to
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receive an intermediate recetving part of the ash pan type as
previously described. The rear vane frame 9 may have a shape
that can be 1ntegrated into the hollow shape directly without
adding an ash pan. The assembly may be made in a single
piece by assembly before final polymerization of the com-
posite materal.

This type of formation may be used to fasten a rear vane
frame.

FIG. 7 1s a block diagram of a beam with a closed section
having a hollow receiving part obtained by cutting. A female
shape of the beam 1s installed in the continuation of the front
frame to be assembled by gluing and/or sewing.

Although the present disclosure has been described with
one particular form, 1t 1s of course 1n no way limited thereto
and comprises all technical equivalents of the described
means as well as combinations thereof 11 they are within the
scope of the present disclosure.

What 1s claimed 1s:

1. A longitudinal beam being made from a composite mate-
rial and being in the shape of an L, the longitudinal beam
comprising;

at least one longitudinal web extending along one edge of

the longitudinal beam

at least one sole on which the at least one longitudinal web

1s fastened along an edge of the sole and

at least one hinge yoke positioned along the beam between

the web and the sole,

wherein the sole forms at an end at least one recerving part

in a form of an open space formed by a ceiling of the sole
tapering down 1n a longitudinal direction of the beam to
a tloor of the sole, and the recerving part 1s open toward
an opposite side relative to said at least one hinge yoke,
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and wherein an interface of an ash pan 1s inserted into the
open space of the receiving part.

2. The longitudinal beam according to claim 1, wherein the
ash pan receives a corresponding male shape of a front hali-
frame.

3. The longitudinal beam according to claim 1, wherein the
receiving part has a polygonal section.

4. The longitudinal beam according to claim 1, wherein the
longitudinal beam 1s a 12 o’clock beam.

5. A supporting half-structure for an aircraft engine nacelle
comprising at least one front halt-frame and the longitudinal
beam configured to receive the front half-frame via the ash
pan according to claim 1.

6. The supporting hali-structure according to claim 5,
wherein the longitudinal beam and the front halt-frame form
a connection by the receitving part, and the connection 1is
processed through an embedding step before final polymer-

1zation of the composite material so as to form a single-piece
half-structure.

7. The supporting hali-structure according to claim 6,
wherein the supporting half-structure comprises a 12 o’clock
beam which comprises the longitudinal beam, a rear vane
frame, and connecting reinforcements between the rear vane
frame and the front halt-frame, the front halt-frame and/or the
rear vane frame being connected to the 12 o’clock beam by
the embedding step before final polymerization of the com-
posite material so as to form a single-piece half-structure.

8. A nacelle for an aircrait engine, wherein the nacelle
comprises at least one supporting hali-structure according to
claim 5.
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